INTRODUCTION
Fast reactors can generate capacity by using U 238 or Th 232 without losing any net of thermal materials. Whereas, to generate power, a thermal reactor use U 235 that forms only 0.7% of natural uranium. Thermal reactors can also use some of U 238 by converting it to Pu 239 as a result of fission, but only a very small amount of U 238 can directly be converted. The amount of energy, which can be extracted from natural uranium via a thermal reactor, is 60 to 80 times lower than the energy that can be procured by fast reactors, even allowing for all the losses during fuel recycling necessary in the fast reactor process [1] .
The economic situation has had an impact on every fast reactor programme. It was in the early 1940s that the potential concept of the fast reactor as an energy generator was first conceived. Scientists discovered that U 235 isotopes are very limited on earth, and so it became clear that it would be important to develop a way of using U 238 as a power source in a fast reactor. At the time, it was also thought that because the fast reactor cores were smaller than thermal reactor the cost of reprocessing plutonium-containing fuel would be lower. The expense turned out later to have been underestimated. Overall, it was thought that the cost of building fast reactors was lower than building thermal reactors. This explains the rapid development of fast reactors in countries such as USA, USSR and the UK. A number of reactors were built and operated in these locations, providing up to 100MW power [2] .
In late 1951, Experimental Breeder Reactor I (EBRI), the world's first reactor, was built to generate electricity. Thereafter, during the 1970s several reactors were built, such as PFR in the UK, PHENIX in France, BN350 in U.S.S.R, and a few years later SNR300 was built in Germany; these each had thermal outputs of 500MW to 1000MW. The first large prototype of a fast reactor was BN600 in the U.S.S.R (600MW (E)) in the 1980s, after which a number of reactors were built across Europe, such as the criticality of Super Phenix (120MW (E)) in 1983 in France, BN1600 (1600MW (E)) in U.S.S.R, CDFR (120MW (E)) in the UK, SNR2 (1300 MW (E)) in Germany, and Super Phenix ІІ (1500MW (E)) in France. Table 1 . Shows the list of largest fast reactors power generation in the world [1] . 
FAST REACTOR CORE COMPONENTS
In the fuel subassemblies of fast reactors, wrapper and clad tubes are used, as the fuel assemblies suffer the most damage during operation, due to an intense combination of high neutron radiation at high temperature. This causes some material problems such as irradiation hardening, irradiation growth, void swelling, irradiation embrittlement, helium embrittlement and irradiation creeps. The choice of materials of subassembly, the dominant core structural component, is governed by any deterioration in the mechanical properties and resistance to void swelling. In early fast reactors, austenitic stainless steel (type 316) was used, which works in less-than-20% cold condition, whereas the 316 austenitic stainless steel has low achievable burn-up, about 50 dpa [3] .
Over time, materials for fast reactor core components have evolved and a new type of materials has begun to be used, in the form of ferritic and ferritic/martenisitc steels. Ferritic steel has high void swelling resistance as it consists of a central cubic crystal structure; this is more open compared to austenitic steel that has a facecentered cubic crystal structure. This leads to faster diffusion in ferritic steel. Another reason that ferritic steel has higher void swelling resistance is because the ferritic steel has lower cavity density compared to the higher defect sink strength in ferritic martensitic steel. On the other hand, ignoring void swelling, it is considered that 9-1%Cr ferritic-martenisitc steel offers a more long-term solution for core component material in fast reactors. There are some types of ferritic/martensitic such as 9Cr-1Mo(Gr.91), 9Cr-1Mo (EM10), 12Cr-1MoVW(HT9) and 9Cr-2MoVNB(EM12), which have good resistance to radiation even up to 200 dpa. Despite this advantage, these alloys have low creep resistance at high temperatures, typically those above 823K. Therefore, ferritic martenesitic cannot be used for applications, which require high creep strength. Ferritic/martenesitic steels such as P91 and P92 tend to be used for wrapper material because they can operate at low temperature and at low pressure.
In conclusion, it has been observed that radiation and high temperature have several effects on reactor core components, namely irradiation hardening, irradiation creep, irradiation embrittlement, void swelling, helium embrittlement and irradiation growth. Studies have concentrated on such issues as they put the largest constrain on reactor lifetime. These are discussed in detail later [3] .
FERRITIC 9Cr STEELS
Over the past century, the nuclear community has attempted to extend the lifetime of components and to enhance the development of radiation-resistance materials. Over this timeframe, three 'generations' of materials have been developed, increasing burn up fuel 45 dpa to 316 for austenitic stainless steel, and for ferritic steels to above 180 dpa; currently there are efforts to achieve a target burn-up of 250 dpa through use of advanced ferritic steels. The present generation of ferritic and ferritic-martensitic steels has been developed not only for their resistance to high temperatures, but also for their creep-resistance. This started with carbon and C-Mn steels, which had a maximum temperature nearly 523 K, and it improved with various levels of molybdenum and chromium. As a result the temperature has been increased about 873 K with improvement in Cr-Mo steels. Presently, the ferritic and ferritic-martensitic steels not only have a high temperature and creep resistance, but they also provide the best void swelling, embrittlement, and have a microstructure which is relatively simple to manipulate [4] .
FERRITIC/ MARTENSITIC STEELS FOR NUCLEAR REACTORS

Fission reactor
In the 1970s, the main materials for fast reactor in-core applications, such as wrapper, cladding and duct, were (9-12%Cr) ferritic/martensitic steel because they have lower expansion coefficients and higher thermal conductivity compared to austenitic steels. Moreover ferritic/martensitic have extremely good irradiation resistance to prevent swelling [5] .
In Europe in the 1960s, the Sandvik HT9 (Fe-12Cr-1Mo-0.5W-0.5 Ni-0.25V-0.2C) was developed for power generation industry. Then in USA the same materials were investigated for their potential within a fast reactor programme, with similar kind of steel being explored simultaneously in Europe; EM-12 ,JFMS, FV448, and DIN1.4914, in France, Japan, United Kingdom, Germany , respectively. Explorations around HT9 and the above steel materials brought to light a large amount of information about their physical and mechanical properties, both before and after irradiation within nuclear reactors [6] .
Coming more up to date, ferritic and martensitic (high chromium 9-12% Cr) steels are now used in Generation IV reactor applications, as there is an extremely high temperature threshold in Generation IV reactor designs. However, in some parts of the reactor which operate at lower temperatures, such as piping, pressure vessels, etc,) low alloy steels are used. In commercial light water reactors, the pressure-boundary component uses low alloy ferritic and bainitic steels, namely A533B, because the pressure-boundary operates at high temperature. It has been observed that steel with lower chromium than 9-12% could probably be used in these applications, negating the use of steels such as A533B [7] .
Fusion reactor
Ferritic/martensitic steels were used for early fast reactor programmes in Japan and Europe [8] . Then, similarly in the late 1970s in the USA, the same steels were considered for fusion reactor programmes, with structural materials such as Sandvik HT9 steel, being the primary one considered [6, 9] . In around 1985, the international fusion programme introduced the notion of low-activate materials [5] . The purpose of this was to build fusion reactors using materials which, when irradiated, would not activate, or even if activated, the radioactive decay would be so fast as to maintain only low levels of radiation, thus increasing the safety of operations and hands-on maintenance. In reality, it is virtually impossible to provide "low activation" steels, because the decay of radioactive products from transmutation of the iron atoms limits the low-activation steels. "Reduced-activation" however, did prove a more feasible concept to make into a reality [10] .
In the mid 1980s to early 1990s, reduced-activation ferritic/ martensitic steels were developed via fusion reactor materials research programmes in Europe, the USA and Japan. Reduced-activation steels decays a short time after they are irradiated and activated, therefore they require only shallow land burial when disposing of decommissioned plant components. Depending on nuclear calculations, the steel alloying elements Nb, Mo, Cu, N, and Ni require minimizing or eliminating [11] .Furthermore, to produce the reduced-activation steels, there must be a process of replacing molybdenum with vanadium or tungsten in conventional Cr-Mo steels. In addition, tantalum needs to be added as a replacement for niobium. Steels with more than 12% chromium were not favoured, because without increasing manganese or carbon for austenite stabilization, it is difficult to eliminate σ-ferritic in these proportions. Because of this steel with 7-9% chromium were favoured. Delta-ferritic can demonstrate lower toughness, and can be suffer from embrittlement [12] , because manganese promotes chiphase precipitation during irradiation. In the end 7-9% Cr steels were borderline, and selected for further investigation, development and study, whereas steels with 2.25%Cr were certain to be considered [13] .
Finally, in Europe, Fe-8.5Cr-1.0W-0.05Mn-0.25V-0.08Ta-0.05N-0.005B-0.10C (Eurofer) steels were chosen and investigated [13] , and in Japan Fe-7.5Cr-2.0W-0.2V-0.04Ta-0.10C (F82H) steels were chosen for the programme. In the USA, the steel with the most appropriate features and properties was a Fe-9Cr-2W-0.25V-0.07Ta-0.10C steel. Compositions of reduced activation steels currently of interest in international fusion reactor programmes, as shown in the Table 2 . [7] . 
STEEL P91
In 1970, P/T91 steels were developed in the USA for nuclear programme by combustion engineering and Oak Ridge National Laboratories, based on the 9 Cr-1Mo tube steel. The creep strength of P91/T91 was enhanced by adding small amount of N, Nb, and V with optimization of the alloy composition. Around 1984, it was discovered that P91 steel could be used in the ASME code, and in conventional steam plants. In 1988 the first large application of the P91/T91 steel was used at USC steam conditions in Kawagoe Plants, with steam parameter 31MPa/566 C in Japan [14] .
It must be recognised that there are some disadvantages to P91. Whilst there was a demand for ferritic steels with high creep strength, which led to the improvement in 9-12 chromium martensitic steels, such steels were improved because of the demand for ferritic steels with high creep strength. However, their long-term performance in terms of actual plant functionality is less well known, especially concerning dense section components such as steam pipe and headers. [15] highlights the need for cautious observations to evaluate long-term performance of components made from 9%Cr martensitic steels. He highlights research indicating a number of unexpected premature failures of P91 welding within nuclear plant, but acknowledges the complexity of factors leading to such failures.
STEEL P92
In the mid 1980s, NF616 steels, which comprise tungsten alloyed 9% Cr steel, were produced for the first time, based on the long-term studies Professor Fujita at the University of Tokyo, on 9-12% Cr steels. The basic concept to create this new steel is to add boron and replace a part of molybdenum with tungsten, approximately 1.8%. This development spread around the globe and was used by boilermakers, steels makers and many in industry. Furthermore, in Denmark, Japan, USA, and the UK, the process was customized for pipe bending, welding procedures and pipe production. This enabled long-term data on creep for this steel, to be collated. Eventually, in 1994, ASME code approval for this steel was given, and it was labelled P92. in 2001, the first large application for P92 steel was in the Danish 400 MW USE nuclear power plant, with steam parameter 30 MPa/580 C/600 C [15] .
BASIC METALLURGY AND CHEMICAL COMPONENTS
In the mid of seventies after a quiet period, development of materials restarted in countries such as USA and Japan. As a result, a new type of steel was created in USA., namely T/P91 that was designed like (X10CrMoVNb9-1). This steel has been used in the refurbishment of high temperature/high pressure piping system and new nuclear power plant throughout the world [16] .
The carbon content in T/P91 is lower than X20CrMoNiV11-1, but significantly, the creep rupture strength of T/P91 is higher than X20CrMoNiV11-1. This is because T/P91 contains the alloys vanadium and niobium, which create Nb/V-these carbonitrides, of type MX, bring additional strength. This was important to the balance of compositions, because particle size and an optimum dispersion of MX can only be attained by an optimized Nb/V-ratio, in addition to nitrogen content.
On the fundamental principles of T/P91, other new steel grades have been developed, such as T/P911, T/P92 and T/P122; these steel grades represent the latest stage of evolution in creep resistance ferritic steel to date [17, 18] . Table 3 . is clear that T/P92 contains extra alloying elements in the form of boron and tungsten, in order to avoid the formation of σ-ferritic in the microstructure, the molybdenum content of these high-tungsten steels decreased to about 0.5 % [19] .
EFFECTS OF COMPONENT ELEMENTS ON PROPERTIES
The terms Ferritic and martenisitc steel refer to a material's crystallographic structure; ferritic is body centered cubic, whereas martensite has a distorted tetragonal that represents a distorted face-centered cubic structure converting into a body-centered structure. Ferritic and ferritic-martensitic materials consist of several alloy elements, each of them bringing a specific feature or property to the material, thus being added into the metal for that purpose.
This includes the adaption of mechanical properties, namely strength and toughness.
T/P91 and T/P92 are types of ferritic steel that contain some chemical compositions. A discussion follows as to these compositions' effects on steel P91, 92 [7] .
Effect of Chromium
Chromium, which is a ferrite stabilizing element, can be added to steel for corrosion and oxidation resistance. If it is added to iron, it will provide solid-solution strengthening. Furthermore, Carbides such as M 7 C 3 and M 23 C 6 are formed by carbon chromium reaction in the 2-12% Cr steels M 7 C 3 Carbide forms in chromium steels (<7% Cr). The M 23 C 6 carbide dominates in the 9-12% chromium steels; it forms during tempering and stays present all through the raised temperature exposure. It has been observed that M 23 C 6 carbide forms in the P91 steels. The creep resistance properties occur as a result of grain boundaries, also a pinning of dislocations by these secondary phase precipitates [20] .
Effect of Tungsten and Molybdenum
Tungsten and molybdenum elements, which have been utilized in heat resistance steels, are effective solidsolution strengtheners. Tungsten is present in modified 9Cr-1Mo, and usually contains about 1.8% W and 0.5 wt% Mo, whereas around 1wt% Mo is standard for P91 steels (9Cr 1Mo V Nb) type .It has been observed in the literature [7] that molybdenum is effective in high temperatures with properties of 9% chromium steels, and also that creep rupture and elevated temperature go up when the molybdenum content is raised. Tungsten and molybdenum are ferritic stabilizers, and their presence must be limited to avoid δ-ferritic; in a tempered condition they are divided between the solid-solution and in this way incorporated in the MX and M 23 C 6 . Therefore, the solid solution strengthening of iron increases relatively significantly by these elements. Tungsten diffuses more slowly than molybdenum, which slows laves precipitation and recovery processes [7] .
Adding tungsten and molybdenum atoms to steels produces a local strain within the matrix lattice, and thus impedes the free movement of dislocations. As a result, creep rupture strengthens and hardness increases within the steel. It also has been observed that the solidsolution strengthening effect of W/Mo reduces dramatically during creep exposure because of laves phase precipitation. However, this can be compensated for by raising the quantity of W/Mo in solid solution in the received steel. This is due to the solid solubility of Mo in P91 steel; this needs to be around 1 wt% at 600C [7] .
Effect of Vanadium and Niobium
The vanadium (V) and niobium (Nb) are strong carbide, nitride, and carbonitride formers, they can form MX, in the 9-12% Cr steels, where M refers to vanadium or niobium, whereas X refers to nitrogen, carbon, or a combination of the two. This results in the following combinations; carbides (MC), nitrides (MN), or carbonitrides (M (C, N) ). It was believed that the formation of vanadium carbide caused a strengthening of steels. Most recently, research also point outs that the vanadium of MX is rich in nitrogen as well. Niobium forms highly stable carbides, with a requirement to heat steel to temperatures way beyond normal austenitising temperatures in order to completely dissolve niobium carbides. The grain growth is restricted by un-dissolved niobium carbides during austenitization, therefore a refined prior austenite grain size is produced [15] .
Effect of Boron and Phosphorus
Boron is a surface-active element with a low solubility in ferrite; it is also sometimes used to increase the ability to harden. Boron is added in several of the 9-12% Cr steels about 0.005-0.01%, because it has been reported that steel which contains boron, observes low coarsening rates and can segregate the surface of the M 23 C 6 , which in turn encourages the pinning of the sub grain boundaries. Phosphorus can also segregate to the surface of M 23 C 6 , and small quantities can be found in the Laves phase [7] .
Effect of Manganese and Nickel
Manganese and nickel are austenite stabilizers, the principle reason for adding them to 9-12% chromium steels is to make sure that 100% austenite deformation occurs during the austenitization resulting in 100% of the steel becoming austenite steels when cooled. Nickel also raises the toughness of the ferritic/martensitic steels. However, nickel has been the most used to avoid δ-ferritic, and precipitate coarsening is accelerated by nickel, leading to a reduction in long-term creep strength. Another benefit of adding nickel is that it promotes the formation of M 6 C therefore destabilizing the M 23 C 6 , which stabilizes sub grain structure. Additionally, manganese and nickel have been observed to have a strong solid solution strength effect on iron. Manganese has same effect on carbide coarsening, but it is a weaker austenite stabilizer compared with nickel [7] .
MICROSTRUCTURE
The high chromium (9Cr) family steels have a ferritic structure. This is achieved by quenching, austenitising and tempering at an intermediate temperature. After the high chromium (9-12%cr) ferritic steel is normalized (usually at 1040-1100 0 C) in an austenite regime, then it needs to be cooled to room temperature. Martensitic steel is transformed by a high chromium concentration (9-12%Cr) during air-cooling, then after a normalizing treatment, the steel has introduced into it, a martensitic lath structure with a high density of dislocations. After this, the steel is tempered to a low temperature. The martensitic lath structure becomes a sub grain structure during this tempering process [4] .
Prior austenite grains are split into packets and moreover into blocks, which contains many elongated subgrains, and each has free dislocations at a high density within them. High chromium ferritic steels are tempered at lower temperatures (650-750 0 C) in order that the steam turbine maintains a higher yield stress. This high chromium ferritic steel thus comprises subgrains with high density of free dislocations. In contrast, high chromium steel, for pipes and boiler tubes, is tempered at higher temperatures (750-780 0 C) and it has a lower density of free dislocations. The precipitation distinguishes between pipe/tube and rotor steels, due to their various tempering temperature [19] . type is VX wings, which are evidenced on fine NbX particles during creep testing. The final two are the fine spherical NbX, and the fine platelet VX formed during the tempering process. All types of MX particles distribute uniformly within sub-boundaries and subgrains, except the primary NbX type.
Carbide M 23 C 6 is the most abundant precipitate in 9-12% Cr ferritic steel. In P/T91 and P/T92 carbide M 23 C 6 mostly appears as chromium rich because of the abundance of alloying elements within the steel matrix. This carbide could in theory form with its structure with Mo, Fe and Mo, however this is not generally observed. It has been found that elongation of M 23 C 6 particles occurs in the former austenite grain boundaries and subgrain. It has also been shown that the 9Cr-1Mo steel creep strength is increased by M 23 C 6 carbide, because the carbide works against martensite recovery, restricting the movement of subgrain boundaries under stress. These carbides have good thermal stability, which enables them to keep their deformation-resistance properties even when exposed to extremely high operating temperature.
The Laves phase (Fe 2 M) involves an intermetallic compound: Fe 2 Mo and Fe 2 W in Mo and W containing steels, respectively. After tempering, it appears that it is only precipitates on sub-boundaries and grain boundaries during creep tests [15] .
EFFECTS OF ION IRRADIATION 10.1 Irradiation creep
Irradiation creep is governed by different mechanisms as compared to those involved in thermal creep. It is noted that irradiation creep does not strongly depend on temperature. Whilst radiation raises the number of vacancies and self-interstitial, this increase does not lead to an acceleration of thermal creep. Temperature is not the only significant factor, because vacancies and selfinterstitial formation is reliant mainly on atomic displacement, whereas thermal creep is more impacted by temperature. The irradiation creep rate at light water reactor cores can exceed over 10-6 s -1 because of the core temperature; thermal creep is negligible.
The potential of interstitial loops nucleating on planes is accentuated by external stress applications. Vacancy loops will be more likely to nucleate on planes parallel to tensile stress -applied to solid material-whereas interstitial loops is more likely to nucleate on planes which are perpendicular to tensile stress. In each case, the preferential nucleation causes an increase in solid length in the direction in which stress is applied. This process is called the stress-induced preferential nucleation, SPIN radiation creep mechanism [21] .
It is clear that creep appears in solid under-irradiation and stress as a result of several processes responsible for transferring the atoms from planes which are in parallel to the applied stress, across to a plane which is perpendicular to the applied stress. This process is known as stress-induced preferential absorption, whereby dislocations glide on planes inclined in the direction to which stress applied. The glide and climb dislocation occurs due to interstitial bias of the dislocation, this process being known as preferred absorption glide [21] .
Creep curve
Generally, creep properties are determined as described above in a circumstance where a constant stress or load is applied to a sample of metal, and the strain is measured as a function of time. Fig. 1 provides data about the variation of thermal creep with a time and creep curve showing the three stage of deformation; primary, secondary and tertiary. Firstly, the primary stage, which is also referred to as the transient stage, is the shortest lived stage, at the beginning of this stage the creep rate suddenly rises as a result of increasing dislocation density, and then the creep rate declines gradually, until it reaches a constant value and enters into the next regime. In the secondary or steady state stage, creep stays constant with increasing strain and time. Moreover, it is longest-lived time period of the three regimes and is represented by diffusion creep and the mechanism of dislocation. Creep rate during this stage does not depend on strain and time, but it is reliant only upon stress and temperature. The final stage is the tertiary stage, which may also be called the rupture stage. This stage is represented by damaging effects, including cavitations, necking and voiding. Producing void is significant and can lead in turn to crack deformation. As a result strain and stress increase further. This event will continue sufficiently long before the material may finally rupture [15] . 
Creep properties of P91 and P92 steels
Creep is an essential feature that must be factored into engineering design and applications that involve high temperature, namely piping within power plants, nuclear reactors, steam turbines and rocket engines. Creep can be defined as time-dependent deformation under continually stress or loads. Generally, creep happens at high temperature above about (T/T m > 0.3) where T/T m , which is the melting point in Kelvin. Within this temperature range, atoms of materials gain enough mobility to develop a time-dependent change of the structure.
Creep properties are measured by constant stress creep testing and stress rupture testing. These can be achieved by applying a known formula to a sample of metal held at a fixed temperature. This type of test is simply continued until the sample fails. The stress rupture test can be defined as measuring strain failure (εf) and time fracture (Tf) at a fixed temperature and stress. These values are integral to the the creep test, along with a full creep strain time behaviour. The creep test requires expensive laboratory space, and is highly time consuming, taking up to about 30,000 hours. It provides vital information about creep fracture features of a particular metal and its creep behavior. For long-term predictions of creep life, an extrapolation theory is used [15] . It is important to understand creep properties in order to narrow down the selection of ferritic steels particularly P/T 91, 91 steel, in a fast reactor environment [4] .
Void swelling
The high dose rate, typically high-energy neutron radiation, affects materials in fusion reactor or fast reactor, when vacancies and interstitial are produced because of the displacement of atoms from their matrix position by the radiation [7] . The improved conversion of microstructures, with temperature and dose rate, involves the agglomeration of interstitial and vacancies into dislocation loop and voids which causes swelling. Loop number density reduce and loop size also rise with increasing temperature and finally become unstable, Generally void swelling happens at a radiation dose above 10 dpa, and with a temperature range of 0.3-0.6 T m where T m is the melting point of materials. Moreover, it have been identified that void swelling relies on matrix structure lattice, in which the dose rate can produce excess defects. For ferritic/martensitic steels, at temperature about 500 0 C, an agglomeration of vacancies can lead to void swelling [6] .
Ferritic steels became of interest to physicists in relation to fusion and fast reactors because extensive studies found that the ferritic steels have high void swelling resistance compared to austenitic stainless steels [22] .Furthermore, it has been observed that 9Cr-1Mo steels have low swelling rates, even in events of high radiation, about 200dpa. For this reason, the ferritic steels have been chosen for clad and wrapper application within nuclear reactors, whereas for austenitic steels, the radiation threshold is nearer to 80 dpa [6] . Void swelling can be measured by determining the volume conversion of material before radiation and after radiation. From this, the rate of conversion in the volume of material can be identified. Moreover, the radiation-induced transformation of void is observable using a transmission electron microscope (TEM).
Irradiation embrittlement
Radiation embrittlement occurs during irradiation due to increasing the ductile to brittle transition temperature (DBTT). It has been observed that irradiation hardening causes the DBTT temperature to increase thus producing embrittlement.
With ferritic/martensitic steels, body centered materials, a large increase in DBTT temperature can occur at low temperature (<0.3 Tm) and low dose rate about 1dpa (displacement per atom) because of radiation hardening. It has been noted that a minimum working temperature to prevent embrittlement in ferritic-martensitic steels is 473-523 K. That said, the upper limit temperature can be controlled by four deferent mechanisms; void swelling, thermal creep, high temperature helium embrittlement and compatibility. Void swelling and thermal creep have been discussed above; high temperature helium embrittlement will be discussed in 10.4. Fig. 2 provides information about the evaluation of ferritic steels' embrittlement behaviour, relating to different chemical compositions. It indicates that the shift in DBTT caused by irradiation varies, under radiation the focus on concentration on chemistry is around 9% Chromium is clearly based on a minimum observation shift in DBTT, almost around this chemical composition. Although, corrosion-resistant steels can be improved by increasing chromium and it encourages reprocessing, however the rate of chromium contents need to be chosen with a careful balancing these requirements. It has been found that addition chemical compositions such as copper, vanadium, silicon, aluminum, phosphorous would rise the DBT temperature; by contrast, sulphur decreases the upper shelf energy. It is shown from Fig. 2 , that the 9Cr-1Mo steels has a lower shift (nearly 54 K) in DBT temperature as compared to the 12Cr steels (125K). Hence, the swelling resistance is almost nil for 12Cr steels, and 9Cr steel is less prone to embrittlement in comparison to 12Cr steels [4] .
It has been observed that irradiation hardening saturates at around 10 dpa, and it has been seen that the shift in
The Scientific Bulletin of VALAHIA University-MATERIALS and MECHANICS -Vol. 17, No. 16 DBTT because of irradiation saturates at around 10 dpa. In Fig. 3 , by conducting Charpy tests, it can be seen that the shift of DBTT at 10 dpa is equivalent to the DBTT shift at 17dpa. It is also important to note that irradiation temperature and the extent of shift inverse to each other [7, 23] . 
Helium Embrittlement
Helium embrittlement occurs after nickel undergoes an (n, alpha) reaction at an elevated temperature (close to or above 0.5Tm), and when enough levels of helium are generated by mechanical stress as applicable during irradiation and other nuclear reactions. The transformation of grain boundary bubbles to voids induces intergranular fracture, which in turn leads to breakaway cavity coalescence, rupture and growth in the presence of mechanical stress. During high temperature irradiation, the migration of helium is induced to the grain boundaries by the application of tensile stress, and large cavities may be formed. It has been observed that when the applying stresses are absence, the helium bubbles are divided throughout the metal [24] .
The observed tensile ductility, due to helium embrittlement, reduces with decreasing stress and reducing strain rate, which indicates its crucial exposure time at elevated temperature. It has been found that ferritic-martensitic steels demonstrate better resistance to grain boundary helium cavity growth and formation in comparison with austenitic stainless steels. This is because of several factors, firstly, ferritic steels have lower matrix strength compared to austenitic steels, and another factor is that helium bubbles' conversion to voids has a potentially larger critical radius within ferritic steels. Finally, there is an impact from the efficient trapping of helium inside the ferritic steels grain interior, by precipitates and other properties [24] .
There is a large volume of published studies discussing the importance of the helium effect for some systems, for example, fusion reactors that produce high-energy neutrons. The 14 MeV neutrons are produced by D-T fusion, and these neutrons will generate an (n, alpha) reaction in nearly all common structural elements namely ferritic steels, but, in the absence of nickel, helium production rates are lower. In the martensitic steels, a number of techniques have been used to produce helium in fusion reactors; one of the most significant ways is doping with natural nickel for 9Cr and 12Cr steels, and another way is the use of isotopicallyseparated nickel to discriminate against the nickel effect as opposed to the helium effect. For example Ni 59 has been used to generate helium, whereas, Ni 60 has been used for control.
The 9-12 Chromium steels have nickel as one of its chemical composition. The helium generated enhances the growth rate of voids and promotes grain boundary crack growth, leading to embrittlement. This phenomenon is significant in fusion reactors. Although in fact this type of embrittlement is of little concern in light water reactors and fast reactors, including the Generation IV designs [25] .
Irradiation hardening
The phenomenon, Irradiation hardening happens because an increase in the yield strength of a material which leads to a decrease in ductility. The effect of radiation depends on temperature and usually occurs at radiation temperature (T irr < 0.3 T m ) where T m is the melting point for materials. Irradiation hardening can be observed over a minimum radiation of 0.1 dpa [4] .
A metal irradiation causes strengthening. During irradiation, the number density of defects such as voids precipitates and loops, rises drastically. Therefore the mobile dislocations move in two ways: source hardening and friction hardening. Firstly, source hardening can be defined as the increase in stress required to bring dislocation moving on its glide plane. The required stress that must be applied to launch a dislocation into its slip plan is known as unlock stress or unpinning stress. Secondly, friction hardening refers to obstacles that generate resistance from mobiles to motion. It is essential to recognise that true distinction between friction and source hardening is unclear, because all the characteristics of deformation are produced by lattice hardening, and they have been distributed to source hardening. The source length that produces critical shear stress, is greater than the distance between defect clusters. It leads to a loss of distinctions, and therefore, the source cannot be operated without interference from the lattice clusters [21] .
It has been observed that there is a strong link between the extent of irradiation hardening and irradiation temperature as shown in Fig. 4 . The figure also shows yield strength as a function of radiation against temperature. It can be seen from the graph [26] , that yield strength dips to the lower spectrum at high irradiation temperatures, whereas it reaches a high point at lower irradiation temperatures. The temperature reliance of irradiation temperature exists because temperature dictates the nature of the defects produced by radiation, which in turn directs the extent of hardening. Irradiation hardening has been observed to saturate at 10 dpa. The radiation effect on the tensile behaviour of the 9-12% Cr ferritic/martensitic steels, namely T/P91 and T/P92 steels, is dependent upon temperature. Irradiation hardening occurs at exposure temperatures above, up to 425-450 C. This is because the high density of tangles and dislocation loops which form from displacement damage, throughout with irradiation-induced precipitates change under these conditions [7] . Therefore ductility decreases and yield strength increases. It has been found that the amount of hardening does not change when T/P91 and T/P92 steels are irradiated at 390C to about 23 dpa. It is observed that hardening varies according to how far there is saturated rising fluence; hardening saturation occurs at about 400 0 C to 10 dpa, whereas for lower temperature greater fluence are required. However, properties are not generally altered by irradiation temperatures up to 425-450 compared to thermally aged and unirradiated samples, although such temperature may create a softening, depending on fluence. Since irradiation hardening leads to a decrease ductility, this can therefore be translated as causing an increase embrittlement [3] .
CONCLUSION
This review article has looked at the context and background to mechanics and properties of ferriticmartensitic steels, and to highlight the development of ferritic-martensitic steels for nuclear reactors. After that, the focus was the effects of radiation on mechanical properties.
This review article will be important for future work around energy and ion irradiation. It would be important to test at higher levels -or lower levels-energy, to explore additional effects of high and low irradiation on P91 and P92 steel. Also, it may important to perform a creep test for P91 and P92 during irradiation at different temperatures, and at different radiation energy levels.
